Beet pulp contained a large amount of uronic acids, which were found not only in the pectic fraction, but also in the hemicellulose and cellulose, fractions.1) Although the effective saccharification of beet pulp might increase biomass content about 1.4-fold for the ethanol production by yeast fermentation, uronic acids could not be used as carbon sources.
The chemical conversion of uronic acids by water soluble carbodiimide increased the yield of glucose and galactosee in beet pulp . fraction on enzymic hydrolysis with pectinases and hemi cellulases. 2) However, no papers were found concerning the enzymic reduction of uronic acids to neutral sugars.
We have been screened the enzyme that converted uronic acids to neu tral sugar. In contrast to our object, no enzyme concerning the production of neutral sugar from acidic sugar was obtained, but reaction catalyz ing a further oxidation of uronic acids was observed.
In the present paper, we describe the oxidation of uronic acids with glucose oxidase (GOD) preparation from commercial sources. HPLC analysis. HPLC gel filtration analysis was done with Tosoh G3000SW column (7.8 x 300 mm), which was equilibrated with 17 mM phosphate buffer (pH 7.6) -0.2 M NaCI-0.02% NaN3. GOTT was eluted from the column at 0.6 mL/min, and fractions,were collected every 30 s to measure the enzyme activity and protein by a UV detector (Jasco UV-870). The product sugars of UOD reaction were separated by the column of Aminex carbohydrate HPX-87C (7.8 X 300 mm). The reaction mixture was eluted from the column with water (0.6 mL/min), and sugars were detected by an RI detector (Jasco RI-830).
MATERIALS AND METHODS

Materials
Paper chromatography (PPC). A product analysis of the UOD reaction was done with filter paper (20 x 20 cm, Advantec Toyo, No. 50). The development was done at room tem perature overnight with 65% 1-propanol, and sugars were detected by the silver nitrate dip procedure.
RESULTS
Screening of UOD activity. About 40 commercial enzyme preparations, including some oxidases, were tested for the oxidase activity of glucuronic acid and galact uronic acid conversion.
UOD activity was assayed for the production of H2o2 with the color development reaction coupled with per oxidase, phenol, and 4-aminophenazone.
As shown in Table 1 , three GOD preparations gave UOD activity.
No remarkable UOD activity was detected from the remaining 37 enzyme preparations.
Since GOD of Toyobo (GODT) had the highest activity for galacturonic acid and was available in a large quantity at a low price, further experiments were done with this enzyme.
Characteristic of UOD reaction. which GOD activity was less than 10% (Fig.  1b) . The carbohydrate oxidizing activity of com mercial GODT preparation was examined with neutral and acidic sugars ( Table 2) . Although glucose and xylose gave significantly high activ ity, galactose and mannose also served as good substrates.
Galacturonic acid and glucuronic acid were classified into the group of good substrates together with arabinose and gluco samine. Besides these sugars, glucurono rlactone, maltose, and sucrose were good sub strates. Separation of UOD from GOD activity. To determine whether UOD activity was iden tical with GOD activity, a separation of UOD and GOD activities was examined by various column chromatography methods, including a con A-Sepharose column for the separation of glycoproteins.
Most results gave no clear sepa ration of the two actviities.
That is, as shown in Fig. 3 . the activities and the protein peak had identical behaviors on the gel filtration chromatography.
Moreover, on the PAGE separation, the major peak of UOD activity corresponded to that of GOD activity (relative mobility; Rm 0.53) and gave no indication of a separation of UOD and GOD, which was mea sured with the sliced gel segments from PAGE and SDS-PAGE (data not shown). From all these results we might conclude that UOD and GOD reactions were catalyzed by the identical enzyme molecule of GOD. However, a more definite conclusion for the identity of UOD and GOD enzymes should be drawn from further studies.
Analysis of the products. 
DISCUSSION
During the screening of enzyme, which cata lyzes the reduction of uronic acids to neutral sugars, commercial preparations of glucose oxidase were found to catalyze the oxidation of uronic acids (Table 1) . In these experiments, high concentrations of enzyme (final 0.25%) and substrate uronic acids (final 2.5%) were adopted. It has already been noticed that GOD catalyzed the oxidation of several neutral sugars besides glucose.3.4> However, usually, no examination of the substrate specificity with acidic sugars was reported.
Under the above conditions of a: particular high enzymesubstrate system, UOD reaction could be detected with the colorimetric determination method, though reaction with an ordinary level of GOD concentration gave no noticeable amount of reaction product. The GOD prepara tion had high activity to glucuronic acid, galact uronic acid, and glucosamine besides neutral monosaccharides other than glucose (Table 2) . Therefore we focused on this uronic acid oxidiz ing activity and examined the characteristics of UOD in detail. Although glucurono r-lactone was susceptible to UOD, other lactones tested had no reaction with it. Moreover, some di saccharides such as lactose, maltose, and sucrose were oxidized with this enzyme. In the earlier paper, an oxidation of lactose, malt ose, and cellobiose by GOD was observed.5} Different from the above three disaccharides, sucrose has no reducing end group, and the action of UOD is limited to positions other than C-1. Thus the first possibility of high value with sucrose shown in Table 2 Since the optimum conditions of GOD and UOD reactions differed greatly (Fig. la, b) , the separation of UOD from GOD was extensively tested.
However, no separation of the two activities was attained, as illustrated by Fig. 3 , and we concluded that the UOD activity was ascribed to the wide substrate specificity of GOD reaction.
A large increase in the enzyme and substrate concentrations made it possible to detect current UOD activity.
A difference in optimum pH and temperature shown in Fig, l might be related to the formation of the dis sociated free-acid form of acidic sugars other than the salt form, although further evidence should be required to verify this idea. Based on the results in Fig. 1 , at first we considered that the UOD enzyme was different from GOD and made extensive trials to separate the two, but no experiments provided evidence for differentiation of the two enzymes. Therefore we should suggest the identity of UOD activity with GOD activity.
However, the identity of these activities should be confirmed by further studies on enzyme characteristics. Although some recent studies reported the enzymic oxida tion of neutral sugars,10,11) the oxidation of acidic sugars would be another useful method for the production of carboxylated sugars. In most cases, sugar acids such as glucaric acid The action of UOD on glucuronic acid and galacturonic acid produced one or two sugars,14,15) which were analyzed by HPLC and PPC methods (Table 3) . Although no definite assignment of products was completed, the substrates were oxidized at the C-1 position of the aldehyde group, and the product had a dicarboxylated form. One piece of additional evidence was provided by the measurement of reducing power by the Nelson-Somogyi method during the reaction of UOD with galacturonic acid (data not shown). As presented in Fig. la , UOD activity was higher at acidic pH than at alkaline pH, and the decrease in reducing power of galacturonic acid was also higher at acidic pH. A loss of reducing power during the UOD reaction would be explained by the oxidation of the aldehyde group to form the carboxyl group at C-1 position. More definite evidence will be provided for the isolated products by further analysis with such as mass spectrometry. 
